We used the natural insect pathogen Bacillus thuringiensis to measure within-generation
priming for all populations as described in Khan et al (2016) . Briefly, we pricked adults
between the head and thorax, and larvae between the last and last but one segment, using a Ringer (i.e. sham priming control). We made bacterial slurry from 10 ml freshly grown per beetle). We did not find any mortality after priming and before live pathogen challenge.
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Control beetles received mock priming followed by a mock challenge with insect Ringer.
5 4
After the immune challenge, we immediately returned experimental beetles from each 1 5 5 population to wells of fresh 96-well micro plates and measured various traits as described 1 5 6 below (also see Figure 1 ). Since we used a low dose of infection (compare with Khan et al. 2016), we observed a late onset of post-infection mortality. For instance, while a few infected larvae (<1%) died before pupation in some populations, there were no deaths during the adult
stage until 23 days post-eclosion. We also did not observe any mortality in adults until a week
after infection. One day after the immune challenge, we paired a subset of adult females with uninfected, 8-
day-old virgin males from the respective population for 48 hours in a 1. females/treatment/population). For larvae, we isolated primed and challenged individuals in
their respective wells until they pupated. Subsequently, we identified and retained only
female pupae. Fifteen days post-eclosion, we paired each adult female with a virgin male as
described above. We allowed females to oviposit for 24 hours and recorded their mortality every 3-5 days for another 100 days (total ~130 days post-challenge) as described above was lower than expected (See Table S1 ). The residuals for reproductive success were not normally distributed (tested with Shapiro-
Wilks test). We thus used nonparametric Wilcoxon Rank Sum tests to test the impact of larval and adult priming on reproductive success. We quantified the impact of priming on survival data for each population and life stage separately using Cox proportional hazard
survival analysis with priming as a fixed factor and lifespan in days as the response variable.
We considered beetles that were still alive at the end of the experiment as censored values. For each population and life stage, we calculated pathogen susceptibility as the estimated Rate of deaths occurring in full control group). A hazard ratio significantly greater than one
indicates an enhanced risk of mortality in unprimed groups compared to control individuals.
To estimate the strength of the priming response, we calculated the survival benefit to the host
after infection, with vs. without previous exposure to the same pathogen (Rate of deaths
occurring in unprimed group / Rate of deaths occurring in primed group). A hazard ratio significantly greater than one indicates an enhanced risk of mortality in unprimed groups 2 0 0 compared to primed individuals.. In these assays, we did not re-measure the immune priming response in terms of survival 2 0 6 benefit after infection, since this was already measured for each population as described 2 0 7
above. Instead, we directly measured the impact of priming (i.e. compared primed vs. populations (except B1, AM and ND; described in Khan et al 2016). hour) and noted the time to pupation for each larva. We analyzed the data (non-normally priming on larval development as: Mean time to pupation of primed larvae / Mean time to 2 2 7 pupation of unprimed larvae. challenged adult females from each population (described above). Next day, we used a response, we measured the zone of inhibition produced by cold-shocked females (-86°C The strength of immune priming is usually quantified as the survival benefit to the host after priming response also varied substantially across populations, ranging from no detectable
response to a 10-fold increase in larval post-infection survival relative to the unprimed
control. We found that this variation was strongly associated with susceptibility to infection,
measured as the hazard ratio for infected vs. uninfected groups ( Fig. 2A) . These results are face stronger selection for evolving priming response. The costs of mounting a priming response can also vary across natural populations, in turn and other immune components. As predicted, we found a negative correlation between the 2 6 7 strength of adult immune priming and subsequent change in reproductive fitness, though there 2 6 8 was no such association for larvae (Fig. 2B) . Contrary to the cost hypothesis, we found that
only two populations showed a significant decrease in reproductive fitness after adult priming reproduction (Fig. S3) . Together, these results suggest that although priming generally does not impose a reproductive cost, it may induce a stage-specific trade-off between survival vs. reproductive benefits. priming response (~5-fold survival benefit) died faster under starvation (Fig. 2C) We found that immune priming had a contrasting effect on two components of adult 2 8 9
immunity. While priming consistently reduced external immunity in several populations
(5/10), its impact on antibacterial activity was highly variable (Fig. S6) . Priming had no
impact on antibacterial activity in most populations (7/10), except a few of them where
primed females produced either larger (2/10) or smaller zones of inhibition (1/10) than variation in priming response across populations (Fig. 2D) . Finally, we tested whether larval immune priming traded off with larval development rate 2 9 7 across populations. We found that immune priming did not alter larval development except in (ND) compared to controls (Fig. S7) . Thus, developmental rate of primed larvae could not 3 0 0 explain population level variation in larval priming response (Fig. 2F) . We present the first systematic test of multiple factors that may determine the evolution of the 2016), ranging from no detectable response to a 13-fold survival benefit in some populations. degree priming responses vary in natural populations, the selective forces responsible for this reduced survival benefit of priming. Thus, the most important implication of our work is that
both specific fitness costs and the fitness impact of infection can determine variability in
priming, as well as reflect conditions that may favor the evolution of stronger priming. A notable strength of our study is the use of multiple natural populations to gain deeper
insights into the evolutionary and ecological history of priming in an insect. Our results effort. This seems to contradict a mathematical model that predicts large reproductive costs mosquitoes also showed that primed females that invested more in egg production show trade-offs at multiple levels. Our data also suggest a weak negative association between an exciting possibility that requires further work. What are the mechanisms underlying the potential trade-offs we observed? Both endocrine Toll signaling pathway in the fat body (the major immune and lipid storage organ in insects) 3
